Abstract The purpose of the present study is to examine the integrity of white matter microstructure among individuals coinfected with HIV and HCV using diffusion tensor imaging (DTI). Twenty-five HIV+ patients, 21 HIV+/HCV+ patients, and 25 HIV− controls were included in this study. All HIV+ individuals were stable on combination antiretroviral therapy (cART; ≥3 months). All participants completed MRI and neuropsychological measures. Clinical variables including liver function, HIV-viral load, and CD4 count were collected from the patient groups. DTI metrics including mean diffusivity (MD), axial diffusivity (AD), radial diffusivity (RD), and fractional anisotropy (FA) from five subregions of the corpus callosum were compared across groups. The HIV+/HCV+ group and HIV+ group were similar in terms of HIV clinical variables. None of the participants met criteria for cirrhosis or fibrosis. Within the anterior corpus callosum, significant differences were observed between both HIV+ groups compared to HIV− controls on DTI measures. HIV+ and HIV+/HCV+ groups had significantly lower FA values and higher MD and RD values compared to HIV− controls; however, no differences were present between the HIV+ and HIV+/HCV+ groups. Duration of HIV infection was significantly related to DTI metrics in total corpus callosum FA only, but not other markers of HIV disease burden or neurocognitive function. Both HIV+ and HIV+/HCV+ individuals had significant alterations in white matter integrity within the corpus callosum; however, there was no evidence for an additive effect of HCV coinfection. The association between DTI metrics and duration of HIV infection suggests that HIV may continue to negatively impact white matter integrity even in well-controlled disease.
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Keywords HIV . HCV . DTI . White matter Both HCV and HIV are independently associated with cognitive deficits (Forton, et al. 2004; Hilsabeck et al. 2003; McAndrews et al. 2005) . Studies have shown that HIV+/ HCV+ patients are more likely to exhibit greater global impairment (Hilsabeck et al. 2003; McAndrews et al.; Ciccarelli et al. 2013; Letendre et al. 2005) , slower reaction times (Martin et al. 2004; Perry et al. 2005; von Giesen et al. 2004) , abstraction deficits , and attention and concentration difficulties (Perry et al. 2005; Murray et al. 2008) compared to HIV+ individuals. However, controversy exists in the field, as recent studies observed no significant differences in cognitive function between HIV+ and HIV+/HCV+ individuals after controlling for confounding variables (Clifford et al. 2009 (Clifford et al. , 2015 such as drug use and liver function, or when HCV viral load (VL) is undetectable (Crystal et al. 2012) . None of these studies incorporated neuroimaging to identify potential CNS differences associated with coinfection with or without cognitive impairment.
Diffusion tensor imaging (DTI) is ideally suited to measure the microstructural integrity of cortical white matter, which is Electronic supplementary material The online version of this article (doi:10.1007/s13365-015-0409-0) contains supplementary material, which is available to authorized users. often impacted in HIV and HCV (for review see Masters and Ances 2014) . DTI abnormalities are observed in HIV+ individuals, typically as reductions in fractional anisotropy (FA) or increases in mean diffusivity (MD) in the corpus callosum (Wu et al. 2006 ) and whole brain (Ragin et al. 2004; Ragin et al. 2005; Stebbins et al. 2007; Tate et al. 2010) . These DTI metrics can be influenced by age (Chang et al. 2008; Togwood et al. 2012; Gongvatana et al. 2011) , gender (Smith et al. 2008) , initiation of combination antiretroviral therapy (cART) (Gongvatana et al. 2011; Wright et al. 2012) , and substance use history (Thames 2011; Pfefferbaum et al. 2007) . A few studies have examined the effects of HIV+/ HCV+ individuals using DTI (Stebbins et al. 2007; Gongvatana et al. 2011; Jernigan et al. 2011 ) with some showing greater changes in FA and MD in HIV+/HCV+ compared to HIV+ alone. However, these studies did not have wellmatched groups regarding HCV medications, liver status, or drug use histories all of which may impact white matter integrity (Niciu and Mason 2014; Zhang et al. 2014) .
It is important to determine if the combined effects of HIV and HCV on the integrity of white matter in the brain are different from HIV alone, particularly given the high prevalence of coinfection and the potential additive/synergistic impact on health outcomes. The primary purpose of this study is to use DTI to determine if structural neuroimaging signatures of coinfection indicate a greater impact on white matter integrity than HIV alone in a group of well-matched HIV+ and HIV+/HCV+ individuals. Additionally, we examined how DTI metrics in these HIV+ groups compared to healthy controls.
Methods Participants
A total of 71 patients (25 HIV+, 21 HIV+/HCV+, 25 HIV− controls) were included in the study (see Table 1 ). HIV+ and HIV+/HCV+ individuals were recruited from patients followed at the Infectious Disease clinic at Washington University in Saint Louis (WUSTL). HIV− controls were selected from archival data collected at WUSTL using similar study protocols for inclusion as well as identical imaging protocols. HIV− controls were selected according to age and education of the HIV+/HCV+ population. The WUSTL Human Research Protection Office approved this study. All participants provided informed consent for this study.
Inclusion/exclusion
Participants ranged from 21-61 years of age. All HIV+ individuals were required to be on a stable cART regimen for at least 3 months prior to scanning. All HIV+/HCV+ individuals were naïve to interferon and other HCV treatments or had discontinued therapy early due to negative side effects (n = 3). All participants had a previous history of drug use, including some intravenous drug use (IDU) but were not actively using at the time of testing (see drug testing below). HIV+, HIV+/HCV+ and HIV− individuals were excluded if they reported the following: drug or alcohol abuse (as defined by DSM-IV criteria) in the last 6 months, a history of mental disorders (e.g., schizophrenia), learning disability, confounding neurological disorders (e.g., multiple sclerosis, CNS infections), active diabetes, history of ascites, hepatic 
Neuropsychological/psychiatric evaluation
Neuropsychological measures were performed for all participants (supplementary table) . However, due to changes in the study design over the data collection period not all neuropsychological measures were completed by every participant. A z-score for four neuropsychological tests (total list learning, digit symbol modalities, trails A, trails B) was calculated based on current normative scores adjusted for age, education, ethnicity, and gender when applicable (Heaton et al. 1991; Gladsjo et al. 1999; Norman et al. 2011) . A composite z-score (NPZ-4) was calculated from the average z-scores from tests as a primary measure to compare cognition between groups. The NPZ-4 has been used in a number of studies of neuroHIV (for review see McArthur and Smith 2013) and markers of brain integrity. Additional neuropsychological measures were also completed and are detailed in supplemental Table 1 . Quality of life, fatigue, and depression were assessed in the HIV+/HCV+ group only using the Short-Form 36 (SF-36; Ware and Sherbourne 1992), Fatigue Severity Scale (FSS; Krupp et al. 1989) , and Center for Epidemiological Studies Scale for Depression (CESD; Radloff 1977), respectively.
Drug testing
At the time of testing and imaging all participants, including HIV− controls, completed a rapid urine screen for drugs. The drug screen was primarily used to validate self-reported drug use and to ensure participants were not under the influence of substances at the time of MRI and testing. A structured clinical interview (SCID, Spitzer, 1987) was administered to assess alcohol/drug use and dependence and to determine if participants met DSM-IV criteria for abuse or dependence at the time of testing. Additional information about lifetime frequency, duration, and amount of each drug used was assessed using the Kreek-McHugh-Schluger-Kellogg Scale (KMSK; Kellogg et al. 2003) . The KMSK assigns a score for frequency of use, duration use, and amount of drug used. The maximum score for each substance is 16. The total score for each substance was used to compare group differences in lifetime drug use.
DTI
Scanning was performed using a 3 T Siemens Tim TRIO whole-body magnetic resonance scanner (Siemens AG, Erlangen, Germany) with a product transmit/receive head coil. A T1-weighted three-dimensional magnetization-prepared rapid acquisition gradient echo (MPRAGE) sequence (time of repetition (TR)/inversion time (TI)/echo time (TE) = 2400/ 1000/3.16 ms, flip angle = 8°, and voxel size = 1 × 1 × 1 mm 3 ) was obtained. A T2-weighted fast spin echo (T2W FSE) scan (TR = 4380 ms, TE = 94 ms, 1 × 1× 3 mm) was also acquired. Images were visually inspected at the time of scanning and an additional scan was performed if significant motion artifacts were observed. Two acquisitions of diffusion-weighted images were collected and subsequently averaged for the assessment of white matter microstructural integrity (2 × 2 × 2 mm voxels, TR = 9900 ms, TE = 102 ms, flip angle =90°, 23 directions with b values ranging between 0 and 1400 s/mm 2 ).
DTI processing and ROI analysis
Preprocessing methods for registration and motion correction have been previously described (Shimony et al. 2006) . Using standard methods, FA and MD for each brain voxel was calculated using the diffusion tensor (Shimony et al. 2009 ). In brief, in each voxel log-linear regression was used to calculate the three eigenvalues and diffusion tensor using a monoexponential decay diffusion model (Basser, 1994) . FA measures the amount of diffusion that is anisotropic, or directional, compared to the diffusion that is isotropic or random. MD is a measure of total diffusion occurring in a given voxel (Basser and Pierpaoli 1996) . Axial diffusivity (AD) and radial diffusivity (RD) may provide specific information about the integrity of either the axon itself, or the myelin surrounding the axons in white matter (Song et al., 2002) . Specifically, AD is the diffusion along the longitudinal plane, i.e., along the primary eigenvector of the diagonalized diffusion tensor, while RD is the average of the diffusion values along the shorter, transverse axis, perpendicular to the primary eigenvector. Pathological conditions often impact the integrity and organization of white matter fibers. When the microstructure of these white matter fibers is disrupted, the pattern of direct diffusion along their lengths is altered, which is expressed as a reduction in FA, and typically an increase in MD and potential changes to AD or RD. The corpus callosum (CC) was chosen as the primary region of interest (ROI) as white matter fibers in this structure are highly organized such that the voxels contain fibers that are primarily oriented in a single direction (Chanraud et al. 2010) . Additionally, the CC connects cortical regions in an organized manner that can be related to specific cognitive functions (Hofer and Frahm 2006; Rosas et al. 2010) . Previous studies of HIV have consistently reported abnormalities in the CC of HIV+ individuals (Filippi et al. 2001; Müller-Oehring et al. 2010; Wu et al. 2006; Tate et al. 2010; Wright et al. 2012 Wright et al. & 2015 . As such, the corpus callosum is an ideal target to investigate the potential of an additive effect of HIV+/HCV+ coinfection on white matter integrity. Analyze 11.0 (Analyze Direct; Overland Park, KS) was used to outline the CC semi-automatically on five mid-sagittal slices from the FA map of each participant. A threshold of FA > 0.3 was used to minimize the potential for partial volume effects. Trained raters (JH and PW) visually inspected each of the images and performed manual edits as necessary to ensure the selected voxels met the threshold value and were white matter. As previously defined, the CC was further divided into five segments as seen in Fig. 1 (Hofer and Frahm 2006; Wright et al. 2015) . These CC sections correspond with cortical connections to the prefrontal (CC1-anterior 1/6), premotor, and supplementary motor (CC2-anterior ½ minus 1/6), primary motor (CC3-posterior ½ minus 1/3), primary sensory (CC4-posterior 1/3 minus 1/4), and parietal, temporal, and occipital (CC5-posterior 1/4) areas.
Statistical analysis
Independent measures t tests were completed to compare the HIV+ and HIV+/HCV+ groups on current CD4 count, nadir CD4 count, plasma VL, duration of HIV+ infection, and APRI score. All variables were examined for normality. Plasma viral load (VL) was natural log transformed and both current CD4 and nadir CD4 were square root transformed to achieve a normal distribution for subsequent analyses. Descriptive analyses to characterize the three groups (HIV− controls, HIV+, and HIV+/HCV+) in terms of age, education, race, and gender were performed using an analysis of variance (ANOVA). No significant differences existed among groups on the demographic measures; therefore, we did not include any of these variables as covariates in analyses. Using separate ANOVAs for each of the dependent DTI measures (FA, MD, AD, and RD), a main effect of group status (HIV−, HIV+, HIV+/ HCV+) on total CC FA, MD, RD, and AD was examined. A post hoc test was used to determine if group differences were present. Separate MANOVAs using each DTI metric for the five CC subregions as dependent variables and group status as the independent variable were completed to determine if differences existed between the groups in the subsections sections of the CC. A Holm-Sidak correction was used for multiple comparisons (Glanz 2005) . A one-way ANOVA was used to compare the HIV+, HIV+/HCV+, and HIV− groups on the NPZ-4 composite score. Finally, Pearson's correlations were used to determine the relationship between total CC DTI metrics and neuropsychological performance (both NPZ-4 and individual measures).
Results

Demographic variables
Demographic and drug use information are presented (Tables 1 and 2 ). There were no significant group differences in age or education between the three groups. The HIV− control group scored significantly higher on the WRAT-3, a proxy measure of premorbid intelligence quotient (IQ), compared to either the HIV+ or HIV+/HCV+ groups. There was a significant difference between the two HIV+ groups in terms of duration of infection with the HIV+/HCV+ group infected longer (m = 13.8 years, sd = 7.7) than the HIV+ group (m = 9.1 years, sd = 6.6, p = 0.01). The HIV+ and HIV+/ HCV+ groups were similar in terms of current CD4, nadir CD4, and plasma VL, including the number of individuals who had undetectable viral loads (70 and 71 %, respectively). Although the HIV+/HCV+ group had a significantly higher APRI score (m = 0.73, sd = 0.61) compared to the HIV+ group (m = 0.29, sd = 0.13), none of the participants in the HIV+ group had scores that exceeded a standard cutoff (APRI ≥1.5) indicating cirrhosis or fibrosis (El Rihim et al. 2013 ).
There were no significant differences in terms of selfreported history of alcohol and tobacco use among the three groups. Both HIV+ groups reported current tobacco use (n = 29), whereas many of the HIV− controls (n = 10) reported a past history of tobacco use, with only four individuals in the HIV− group reporting current tobacco use. Marijuana and cocaine use were significantly less for the HIV− group compared to all other groups (Table 2) . Correlational analyses did not reveal any significant relationships between the individual substance use scores (KMSK), liver status (APRI), and the DTI metrics or neuropsychological measures for the two HIV+ groups. As such, these variables were not used as covariates in subsequent analyses. No significant differences in FA were observed between the two Fig. 1 a-d . Boxplots demonstrate the regions with statistically significant group differences for the CC regions. 1a shows the CCMD differences for regions 1 and 2, respectively. 1b shows the CC RD differences for regions 1-3, respectively. 1c shows the differences for CC FA for region 3. 1d provides a visual of the CC regions described 1, 2, and 3. Asterisks indicate p value for significant group difference compared to controls, after correction for multiple comparisons. There were no significant differences between the HIV+ and HIV+/HCV+ groups HIV+ groups. A significant effect of group status was also observed for MD (F (3,67) = 6.99, p < 0.01, η 2 = 0.17) and RD (F (3,67) = 11.2, p < 0. Since FA, MD, and RD were significantly different between the HIV− control and the two HIV+ groups, MANOVAs were conducted by DTI metric for CC1-5 in order to identify differences between controls and the HIV+ groups within specific areas of the CC. Multivariate results indicated a significant effect of group on FA (Wilks' Lambda = 0.755, F = 1.93, p = 0.04) and RD (Wilks' Lambda = 0.720, F = 2.29, p = 0.017) results in Table 3 see also Fig. 1) ). There was not an overall multivariate effect of MD between groups (Wilks' Lambda = 0.783 F = 1.663, p = 0.097) After controlling for multiple comparisons, post hoc univariate analyses revealed that HIV+ and HIV+/HCV+ groups were significantly different than the HIV− controls on RD metrics in CC1-CC3 and MD metrics in CC1 and CC2. The HIV+/HCV+ group also had significantly lower FA compared to the HIV− group in CC3. Additionally, the HIV+ group had significantly lower RD compared to HIV− controls in the CC5 region also (see Table 3 ).
Effects of HIV and HCV on DTI metrics in the CC
Relationship between DTI metrics and HIV disease burden
The regression model looking at the relationship between markers of disease burden (coinfection status, nadir CD4, log VL, duration of HIV infection) and the DTI indices (FA, MD, RD) in the total CC identified duration of infection as the only marker associated with any of the DTI indices. The overall model was not significantly associated with any of the DTI metrics. Duration of infection was inversely associated with total CC FA (B = −0.41 = p = 0.020) (Fig. 2) .
Relationship between DTI metrics and neurocognitive function
There were no significant differences between the groups on the NPZ-4 measure. An additional linear regression model that included age and DTI indices within the CC was completed to determine the individual and combined associations of these variables with neurocognitive function. DTI indices included in the analysis were FA, MD, and RD in the total CC. The overall regression model did not identify significant associations between DTI metrics and NPZ-4 scores. We conducted exploratory correlational analyses to examine the relationship between individual neuropsychological measures and total CC DTI metrics. One measure of working memory/ executive function, letter-number sequencing, was associated There were no significant differences between the HIV+ and HIV+/HCV+ groups. KMSK scores may range from 0 (never used) to 16 (used multiple times per day as much as available, for >1 year) a Denotes significant difference between both HIV+ and HIV+/HCV+ groups and controls on KSMK total scores with all DTI metrics (total CC FA r = 0.39 p = 0.008; total CC RD r = −0.38 p = 0.009; total CCMD r = −0.41 p = 0.004); verbal learning and story memory were also associated with all of the DTI metrics (verbal learning: total CC FA r = 0.36 p = 0.01; total CC RD r = −0.31 p = 0.04; total CCMD r = −0.39 p = 0.008; story memory: total CC FA r = 0.36 p = 0.01; total CC RD r = −0.31 p = 0.04; total CCMD r = −0.37 p = 0.01). Digit symbol was associated with total CC FA r = 0.36 p = 0.02 and total CC RD r = −0.33 p = 0.03, and finally verbal fluency was associated with total CC FA (r = 0.29 p = 0.02. None of these correlations withstood correction for multiple comparisons. (Supplemental Table 2 )
Discussion
This study identifies an impact of HIV on white matter integrity; however, no significant additive effect was observed in the HIV+/ HCV+ group compared to the HIV+ group. These results demonstrating DTI differences associated with HIV status are similar to previous DTI studies that indicated significantly lower FA in the frontal lobe and genu of the CC for HIV+ patients compared to healthy controls (Filippi et al. 2001; Thurnher et al. 2005; Pfefferbaum et al. 2007 ). In the present study, the observed differences in DTI metrics were only correlated with self-reported duration of infection in total 
Based on observed means
The error term is mean square (error) = 0.007 Table 3 shows the univariate results for the group comparisons of FA, MD, and RD in the CC1-5after correction for multiple comparisons (MCC; HolmSidak)
CC FA, but not other markers of HIV disease burden such as current or nadir CD4, VL or coinfection status. There were no significant differences in neurocognitive performance between the groups using the NPZ-4 measure. Although the NPZ-4 contains measures that are sensitive to detecting HIV and HCV-associated neuropsychological dysfunction, an extensive battery with multiple measures would provide greater confidence about the potential cognitive impact of HIV/HCV coinfection. There were no significant associations between the NPZ4 and the DTI metrics. Exploratory correlational analyses did indicate relationships between select neuropsychological measures and total CC DTI metrics for FA, MD, and RD. Because not all participants completed every neuropsychological measure, it is possible the lack of additional associations between DTI metrics and other neuropsychological measures is due to a relatively small sample within each of the groups.
Coinfection of HIV and HCV has been associated with lower FA and MD and increased MD in a preliminary whole brain analysis (Stebbins et al. 2007 ) compared to HIV+ individuals. The findings of this study are in contrast to previous studies (Stebbins et al. 2007; Gongvatana et al. 2011; Jernigan et al. 2011) . However, potential differences exist between our cohort and sample populations previously studied. The two HIV+ groups in the present study exhibited similar proportions of individuals with undetectable HIV-VL (70 vs. 71 %) and current CD4 counts (430 vs. 488), suggesting a homogenous group in terms of HIV disease burden, which has not been the case in previous studies. Additionally, we specifically selected HIV+ and HIV+/HCV+ patients who had similar substance use histories to minimize group differences in substance abuse on brain integrity. HIV+/HCV+ individuals naïve to HCV treatment were included, but HIV+/HCV+ individuals who had completed HCV treatment were not included in this study. Previous studies of HIV+/HCV+ coinfection have not typically reported HCV treatment histories. While HCV treatments have been associated with neurocognitive dysfunction (Gess and Forton 2012) , the effects of HCV therapy on neuroimaging indices has not been well described. The results from this study suggest that HIV and HCV do not have additive effects on white matter structural integrity in the CC in HIV+/HCV+ individuals who have similar levels of disease burden, drug use history, and in the absence of liver disease.
HCV has been found in brain tissue of autopsy patients (Vargas et al. 2002) , leading to the speculation that the presence of HCV in the brain leads to an upregulation of the immune system and subsequent neuronal damage. However, there are no studies reporting any direct infection of neurons by HCV and no current reports have discussed potential exacerbation of the central inflammatory response in the brains of individuals with HIV/HCV coinfection compared to HIV monoinfection. Unfortunately, we did not have cerebrospinal HCV viral loads for this sample, and therefore could not quantify HCV viral presence in the CSF. Nevertheless, the observation of no significant differences in DTI metrics between HIV+/HCV+ individuals and HIV+ individuals despite a longer estimated duration of infection suggests that HCV presence in the brain may not significantly add to neuropathogenic Fig. 2 The relationship between duration of infection and total CC FA for the HIV+ and HIV+/ HCV+ groups processes of HIV as evidenced by either imaging or neuropsychological testing.
Abnormalities in DTI metrics have been associated with recreational drug use (Thames 2011; Pfefferbaum et al. 2007; Paul et al. 2007 ) in HIV+ individuals. In the present study both the HIV+ and HIV+/HCV+ groups had significantly higher self-reported use of recreational drugs, especially cocaine and marijuana compared to the HIV− controls. However, there was no difference between the HIV+ group and the HIV/HCV+ group in terms of DTI metrics or drug use, and the correlational analysis did not reveal associations between the scores on the drug use measure (KMSK) and any of the DTI metrics in the HIV+ groups. Drug use histories were recorded from self-report measures and required participants to recall information about drug use that primarily occurred in the past. It is possible that the participants did not accurately recall their drug use, although this would likely occur for all groups. Of note, the KMSK did not account for all possible types of drug use, and therefore, previous drug use, or use of drugs that were not accounted for (e.g., methamphetamines), cannot be ruled out as a potential mechanism of the alterations in white matter integrity that were evident in the HIV+ groups compared to HIV− controls.
Both HIV+ and HIV+/HCV+ groups were similar in terms of their current clinical profiles, with similar current CD4 levels and low or undetectable plasma VL for the majority of HIV+ individuals. Regression analyses revealed a relationship between duration of infection and total CC FA only. In this study, HIV-VL and nadir CD4 were not associated with DTI metrics, corresponding with other studies (Gongvatana et al. 2011) ; however, some reports (Tate et al. 2010; Li et al. 2014 ) did find lower nadir CD4 counts were associated with abnormal DTI metrics. Most of the HIV+ and HIV+/HCV+ individuals in the study had very low, or undetectable VL and had nadir CD4 levels below 200 cells. Other markers of HIV burden, such as proviral DNA, have been associated with significant cortical brain changes (Kallianpur et al. 2012) and may be a better marker for HIV-associated brain changes when HIV-VL is undetectable.
Our analysis is limited in that we focused on the CC and did not measure DTI metrics in other white matter fiber tracts. Because we limited our analysis to this region, it is possible that the limited selection might explain the lack of differences between the HIV+ groups that have been observed in other studies. The primary reason for the selection of the CC is the high directionality of fibers, previous literature showing an effect in HIV (Filippi et al. 2001; Müller-Oehring et al. 2010; Wu et al. 2006; Tate et al. 2010; Wright et al. 2012; and the anatomical relevance of the connections between the CC and specific cognitive functions (Hofer and Frahm 2006; Rosas, et al. 2010) . Although it is possible other areas of the brain are differentially affected, as was observed across the CC ROIs, our relatively small sample does limit our power to detect statistically significant differences across a large number of comparisons. Future studies that look at changes throughout the brain will be beneficial.
In summary, this study identifies a significant impact of HIV on white matter microstructural integrity for HIV monoinfection and HIV+/HCV+ coinfection. However, there was no indication of an additive effect of HCV coinfection on DTI metrics. Our HIV+ and HIV+/HCV+ groups were very similar in terms of disease burden, substance use history and were naïve to HCV+ treatments, such as interferon, and all of these factors might impact brain integrity. The HIV+ and HIV+/HCV+ groups were matched on key variables that have not been described in great detail in the previous studies. The lack of significant differences on the DTI and neuropsychological measures between the HIV+ and HIV+/HCV+ group maybe due to the limited differences between the groups. Lack of differences between these groups has also been observed in other studies of mono-versus coinfection where there are little to no differences in brain integrity when the groups are well-matched on key demographic variables and markers of disease burden (see Clifford et al. 2015) . The changes in DTI indices FA, MD, and RD (not AD) we observed, when taken together, suggest there may be compromise to myelin sheaths, resulting in increased diffusion perpendicular to axon fibers primarily in the anterior regions of the CC (Wang, 2011). These changes were related to duration of infection, indicating that despite stable HIV treatment and a lack of cirrhosis in this population, the brain is still vulnerable. These findings emphasize the importance of early and sustained treatment of both HIV and HIV-HCV coinfection to improve outcomes associated with chronic disease.
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